Dosimetric effects of needle divergence in prostate seed implant using 125I and 103Pd radioactive seeds.
In prostate seed implants, radioactive seeds are implanted into the prostate through a guiding needle with the help of a template and real-time imaging. The ideal locations of the guiding needles and the relative positions of the seeds in each needle are determined before the implantation under the assumption that the needles inserted at different locations will remain parallel. In actual implantation, the direction of the needle is subject variation. In this work, we studied how the dosimetry quality of an implant may be affected when the guiding needles deviate from its planned orientations. Needle divergence of varying degree was simulated on spherical models and actual patient implants. It was found that needle divergence degraded the dosimetric quality of an implant: The minimum target dose, the target dose coverage and therefore the tumor biological effective dose were quantitatively decreased as compared to the reference implant. The magnitude of degradation increased almost linearly with respect to the magnitude of needle divergence. For iodine-125 implants, the average reduction in minimum target dose was about 10% and 20% for needle divergence of standard deviation of 5(0) and 10(0), respectively. The dose coverage in the target was reduced by about 1% and 3% for needle divergence of standard deviation of 5(0) and 10(0), respectively. Implants designed with palladium-103 showed additional 5% reduction in minimum target dose while the effect on dose coverage was about the same as compared to the iodine-125 implants. The degree of dosimetry degradation was shown to be dependent on the size of target volume, the seed spacing used, the use of seeding margin, and on the actual configuration of needle orientations in a given implant. One needs to minimize the physical causes of needle divergence in order to minimize its impact on planned dosimetry. The study suggests that the displacement between a needle image and its planned grid point at the base of prostate should be kept less than 5 mm in order to minimize the reduction in D(min)(<5%) and the increase in cell-survival (< a factor of 10) from the planned dosimetry.